Malaria is one of the leading causes of death in sub-Saharan Africa. Artemisininbased combination therapies are used as first-line treatment drugs, but their market is far from competitive. Market failures include limited availability, low quality, lack of information, and high costs of access. We estimated the theoretical demand for one of the most common artemisinin-based combination therapies, artemether-lumefantrine (AL), and its determinants among caregivers of children with malaria seeking care at public health facilities, thus, entitled to receive drugs for free, in southern Mozambique (year 2012). The predicted theoretical demand was contrasted with international and local private market AL prices.
2 | METHODS
| Study site
The study was carried out at the Manhiça Health Research Centre (in Portuguese Centro de Investigação em Saúde de Manhiça [CISM] ) in Manhiça, a semirural district of southern Mozambique with a population of around 180,000 inhabitants. There are two main towns in the district, Manhiça and Xinavane, but most of the population lives in small-dispersed villages. The district is approximately 80 km north of Maputo, the capital of Mozambique. The main economic activities are subsistence farming and sugarcane and fruit processing. Most commercial activities are concentrated along the main road transecting the district, and the economy is mainly informal (Ministério da Administração Estatal, República de Moçambique).
Since 1996, a Health and Demographic Surveillance System (HDSS) of the population in the district has been implemented by the CISM (Sacoor et al., 2013) . The HDSS involves a yearly census of individuals and households recording demographic as well as socioeconomic characteristics of the residents (http://www.indepth-network.org). CISM and district public hospital are located in Manhiça town. There is a public rural hospital in Xinavane and 13 primary healthcare facilities distributed across the district. A passive case detection of children up to 15 years of age is implemented in all the health facilities of the district and consists in recording information of all outpatient visits and admissions. Clinical and census data can be merged as a personal identification number is assigned to every inhabitant in the study area. The private healthcare sector is mainly constituted by retailers of health products. These procure goods from importers through wholesalers. Retail drug prices in the private sector are determined by the equilibrium between supply and demand. Although this is supported by limited evidence, the distribution of antimalarial drugs for free at public facilities limits the competition between public and private sector, which is likely to be determined only by distance, lack of information, and stock-outs (Anselmi et al., 2015) .
| Data collection
All children residing in the HDSS area that received a diagnosis of uncomplicated malaria at the district hospital or at peripheral health facilities were eligible to participate in the study. Patients were identified in the outpatient visit records and trained fieldworkers visited them at their homes 3 to approximately 15 days after receiving the diagnosis: 3 days is the duration of the treatment, and 15 days was considered the maximum lapse to avoid recall bias. A second visit was scheduled if nobody was present at home or if nobody among the presents was able to reply at the first visit. Patients were excluded from the study if the questionnaire was not successfully filled at the second visit. Characteristics of excluded patients were compared against those included to test for selection bias. Children's caregivers were administered with a questionnaire after signing the informed consent. The study required interviewing a minimum of 385 individuals. The sample was derived from the maximum error of estimate formula [e = Z(α/√n)], choosing a confidence level of 95% (Z = 1.96), e = 5% level of precision and maximum variability in population. As α (the population standard deviation) was unknown, we used proportions, which is an accepted approach if the population standard deviation is unidentified. Our final formula was n = (Z 2 *p*q)/e 2 where p = q = 0.5, being p the population proportion set at maximum and q = 1−p.
| Elicitation strategy and definition of demand, WTP and ATP
The questionnaire contained a bidding game, a contingent valuation approach for eliciting WTP and ATP. Each caregiver was proposed a potential price and was asked whether he or she was willing to pay that amount (Diener, O'Brien, & Gafni, 1998) . Depending on the answer, respondents were asked to bid up or down using a predetermined bidding iteration until the maximum number of iterations was reached. The number of AL tables prescribed to treat malaria increases with patients' weight; therefore, higher weight is associated with higher AL total price. As a consequence, different prices depending on child age were proposed, where age was used as a signal of weight. By approximating children growth charts, four age ranges were established (Table 1) : (a) up to 2 years (between 5 and 15 kg), (b) between 2 and 5 years (between 15 and 25 kg), (c) between 5 and 12 years (between 25 and 35 kg), and (d) more than 12 years (more than 35 kg). As illustrated in Figure 1 , the first bid corresponded to the median AL international price, where international price is the distribution of a set of prices from pharmaceutical suppliers, development organizations, and government agencies (Hanlon & Zhang, 2013; MSH & WHO, 2010; Russo & McPake, 2010) . If accepted, the second bid corresponded to the highest international price; whereas, the lowest international price was asked if the first bid was rejected. Regardless of their responses, participants were asked to state their maximum WTP. During exploration of data collected, we realised that the maximum stated WTP was either equal or lower than the value accepted in the second bid. Therefore, we defined the maximum WTP as ATP, where ATP is the maximum price caregivers would afford to pay for an ACT (Russell, 1996) . WTP and ATP were presented graphically as cumulative distribution functions to describe the responses within the sample. We finally defined the demand for ACTs as ATP, being always ≤WTP, therefore accomplishing the two requirements included in the definition of demand: WTP and ATP to purchase goods under certain circumstances (Mas-Colell, Whinston, & Green, 1995) . For each individual in the sample, the gap between caregivers' ATP and AL international price was computed as (a) high gap if AL was set at highest price, (b) medium gap for median AL price, and (c) low gap for lowest AL price. The gap was also computed between caregivers' ATP and local private prices.
After conducting a pilot study to test the validity of the questionnaires, interviews were held from mid-February to mid-April 2012, during the annual peak malaria season in the area. After data were collected, double-entered in a database, and cleaned, these were merged with socioeconomic and clinical data.
We checked three sources of bias in our estimates: (a) anchoring (the tendency of respondents to not deviate from the amounts proposed); (b) acquiescence (the tendency of answering "yes" to inquiries), and (c) strategic behaviour (the tendency of replying "no" after a "yes" or replying always "no" to bids); McNamee, Ternent, Gbangou, & Newlands, 2010) . To test for anchoring, we tabulated WTP and ATP against the starting bids (Kruskal-Wallis test was applied). To test for acquiescence, we generated a dummy variable equal to 1 if replies to both first and second bids were "yes" and 0 otherwise. We then tabulated the dummy against WTP and ATP values (chi-squared test applied). For strategic behaviour, we generated a further dummy equal to 1 if the sequence of the replies to the bidding game was "yes + no" or "no + no" and 0 otherwise. As for acquiescence, this was tabulated against WTP and ATP (chi-squared test applied).
| Regression analysis
The demand for paediatric malaria treatment is based on households' having preferences for health and investing to maintain the health endowment of their members (Cropper, 2014; Grossman, 1972) . The theoretical demand for paediatric malaria treatment was equivalent to the inverse demand function where the quantity, as independent variable, was represented by a child's number of malaria episodes incurred from the beginning of the malaria season (P = f[Q]). The theoretical demand also depended on several individual and household characteristics: The number of malaria episodes (Malaria i ) may reflect a measure of risk aversion, with the more risk-averse households presenting higher availability to pay for treatment. The number of other outpatient visits (Other outpatients i ) was included to represent competition among health problems; the more the child suffers from other diseases the less the family is able to spend on malaria. It was expected that ATP increased with a higher education level (Head education i ) and better occupation (Head occupation i ) of the household head, as well as with Wealth i . Theoretically, wealthier families are able to spend more on healthcare than families with fewer endowments (Onwujekwe, Ojukwu, Shu, & Uzochukwu, 2007) . Age range (Age i ) permitted to control for the four different levels of drug dosage administered according to weight (age as proxy), whereas the incorporation of child's Gender i was based on the evidence that families may be willing to pay more for the health of their male rather than female children (Sen, 1992) . Controls for geographical variation (Area i ; Trapero-Bertran, Mistry, Shen, & Fox-Rushby, 2012) , number of household members (HHMembers i ), and relationship between interview respondent and child (Respondent i ) were included. Finally, WTP i was added as determinant of the demand according to definition and to capture preferences for AL that incorporate the perceived quality of the drugs and utility received from consumption.
The number of siblings' malaria episodes (Malaria in siblings i ) and of other outpatient visits (Other outpatients in siblings i ) allowed identifying potential redistribution patterns among family members. Significant coefficients of these variables would denote that caregivers' healthcare decisions are taken considering the past healthcare use of the remaining young family members, pointing to a potential reallocation of resources within the household reference group according to healthcare needs (Haddad, Hoddinott, & Alderman, 1997) .
Due to non-normal distribution of the dependent variable (Figure 2 ), three estimators were compared for the analysis of the determinants of ATP: Poisson, negative binomial and ordinary least squares (OLS) of the log-transformation of the dependent variable; all of them used robust estimators of the variance. Multicollinearity was tested for the OLS estimation by Variance Inflation Factors (VIFs) and heteroscedasticity by Breusch-Pagan and White tests (Greene, 2012) .
| The local private supply of antimalarial drugs and market welfare analysis
The local AL supply was computed and graphically represented as the aggregation of all AL private retailers identified in a census carried out by the CISM in the district. The census identified 17 public providers and 12 private retailers of which 8 were informal: street sellers, unauthorised sellers at the general market, and so forth. The existence of two additional informal private sellers was indicated, but these were not found and, thus, not included in our analysis. Table S1 shows the availability of antimalarial drugs, by type, assessed in the census. For each private retailer, the average supply price per treatment was calculated by multiplying the applied price per tablet by the number of tablets constituting a treatment according to the age ranges of our sample. Each private retailer's supply corresponded to the quantities of treatments sold at each average supply price. The private supply curve was represented by the sum of the quantity of treatments sold by each retailer at each supply price (Table S2) .
We plotted the supply curve and added to the same graph the theoretical demand curve, constructed as the ATP (P) with respect to number of treatments (Malaria i = Q) predicted following regression analysis. The intersection of the aggregate demand and supply informed the equilibrium price and quantity of a theoretical market in which patients entitled to receive AL for free become consumers in the local private market. A welfare analysis was conducted by calculating the integrals of the areas corresponding to the consumer and producer surpluses.
| Wealth index
A wealth index was constructed from information on living conditions, household assets and livestock ownership of the study participants (Howe et al., 2012) . Multiple correspondence analysis (MCA) rather than the more frequently employed principal component analysis was used to extract a common dimension, interpreted as wealth index, from the initial variables. MCA was preferred as is specifically designed for reducing dimensions across binary, categorical, and/or discrete variables (Traissac & Martin-Prevel, 2012) . The wealth index was determined for each participant as the value of each modality of each categorical variable weighted by the value of the first dimension computed by the MCA (Table S3 ). Only the first dimension was included as it explained 76.48% of the inertia.
In order to check whether our sample had a significantly different socioeconomic position from the average community level, we compared the wealth index of our sample with that of a community-randomised sample within the district (Gonzalez et al., 2015) .
| RESULTS

| Sample description
Three hundred ninety-nine questionnaires were successfully administered to 386 children's caregivers, as 13 children suffered more than one malaria episode during the study period. No caregiver refused to participate in the study and characteristics of the patients not included in the study after the second home visit were not dissimilar from the ones included in terms of age, gender, and wealth index (Table S4 ). As summarised in Table 2 , most of interviews were held in Maragra (46.62%), Manhiça town (21.80%) and Taninga (15.29%), and fewer in Ilha Josina (8.52%) or Nwamatibjana (7.77%). Out of the 399 episodes, 71 (17.79%) corresponded to children up to 2 years, 96 (24.06%) to children between 2 and 5 years, 200 (50.13%) to children between 5 and 12 years, and 32 (8.02%) to children older than 12 years. Boys suffered more episodes than girls (219 and 180, respectively), and respondents were mostly mothers (58.91%), few were fathers (8.53%), and sisters or brothers (6.20%). Other respondents were grandparents or other relatives (26.36%). Approximately 33.85% of household heads worked in agriculture, 39.06% in manufacturing and mining, and the remaining in sales and other services (27.08%). Most of household heads studied up to primary school (67.27%) and very few reached high school (7.79%) or higher education (2.60%). The remaining were illiterate (19.74%) or literate without official studies (2.60%). Children in the sample suffered an average of 1.9 malaria episodes from the start of the malaria season and attended a mean of 1.41 outpatient visits on other health issues. Figure 3 shows Dimensions 1 and 2 of the MCA. Sign and coordinate of each modality allowed discriminating individuals depending on their living conditions: modalities with negative coordinates with reference to Dimension 1 can be interpreted as indicators of "richness" whereas positive coordinates indicates "poverty." Finally, the wealth index allowed to rank participants into tertiles: the least poor, the poor, and the poorest.
| Wealth heterogeneity
The wealth index of our sample was significantly lower than the one of a community randomized sample (two-sample Wilcoxon rank-sum [Mann-Whitney] test, z = −3.800, Prob > |z| = 0.0001): Individuals in our study were poorer than the community average. 
| Demand for ACTs
Most of children (99.25%) received a free antimalarial drug at the health facility and only three did not and bought it in the private sector: two respondents paid 1.72 USD, considering the price too expensive, and one 0.86 USD, considering the price fair. The three children were from the same area, Nwamatibjana, reinforcing the hypothesis of drug stock-out. As expected, the most common antimalarial prescribed was AL (95.45% of those provided with an antimalarial medicine at the health facility). However, three children were prescribed other ACTs, six quinine, and eight could not recall. Three hundred eighty-seven caregivers (96.99%) expressed a WTP greater than 0 if antimalarial drugs were not provided for free at the health facility. The remaining 3.01% would not pay for lack of affordability. Likewise, the number of caregivers willing to pay the proposed amount barely diminished when asked to pay the median international price (N = 374, 93.73%) or the highest international price (N = 349, 87.47%). As a result of the bidding game ( Figure 4 shows the cumulative distribution function of WTP and ATP. At an ACT price equivalent to the mean ATP (0.94 USD), 33% of the individuals would purchase; the median ATP was lower (0.65 USD). When compared to the mean local price of AL censed in 2010 (1.59 USD), more than three quarters of the sample would not purchase the treatment in the local private sector. The shape of the curve showed that WTP stated values concentrated around the bidding amounts proposed. Moreover, WTP was considerably higher than ATP and the difference increased with price up to a maximum of nearly 6 USD. The gap between the lowest AL international price and the mean ATP was 0.46 USD. The gap became higher at the median international price (0.96 USD) and highest international price (from 3.80 USD per episode). The gap between mean ATP and local private prices was 1.04 USD.
The association between starting bid and WTP was statistically significant Table 3 shows results of Poisson, NB, and OLS estimations. For the OLS estimation, VIFs were below 2.5 for all variables indicating absence of multicollinearity. Breusch-Pagan test was equal to 39.76 (p < .01), confirming the presence of heteroscedasticity; consequently, Huber/White/sandwich estimator was employed to obtain robust variance estimates. The null hypothesis of homoscedasticity could not be rejected on the new estimates (White test = 325.25, p = .1015). Although Poisson and NB estimated incidence rate ratios (IRR) were similar, NB estimator was more efficient as the alpha parameter was significant and confirmed the presence of overdispersion in the data. NB was also preferred to OLS estimation. In fact, the use of natural logarithm of ATP in the linear model resulted in nonnormality of the error term, whereas NB held a lower mean squared error (1.1011) compared to OLS estimation (1.1908). Tobit, interval, and quintile regressions were initially considered for the model specification but were discarded later due to their lower goodness of fit.
| Determinants of demand
The NB estimation showed that WTP, age, the number of malaria episodes, wealth, work position of the household head, and area where the household was located were significant determinants of the ATP for 1 malaria treatment over 1 malaria season. Older age ranges were associated with lower ATP (p < .05 for children among 5 and 12 years of age; and of 12 of more years); an increase in WTP of 1 USD was associated with 40% increase in expected ATP (p < .01). Holding the remaining variables constant, an additional malaria episode led to a 14% reduction in the expected ATP (p < .05). As expected, compared with the least poor, the poor and the poorest had reduced ATP. In particular, being part of the second tertile significantly decreased by 27% the expected ATP compared to the least poor tertile (p < .05). Likewise, living in Maragra or Ilha Josina in comparison to Manhiça town, decreased the expected ATP by 25% (p < .05) and 33% (p < .10), respectively. ATP was significantly higher for those families whose household head worked in the tertiary sector (43%, p < .05) and manufacturing and mining (33%, p < .10) compared with agriculture. No impact on ATP was found from gender, number of household members, relationship between respondent and child, and the education level of the household head. The hypothesis of the demand for ACTs depending on the outpatients' visits of other children within the family was rejected, as the IRRs of the number of siblings' malaria episodes and of other outpatient visits were not statistically significant.
| A theoretical market for ACTs
The significant and negative relationship between ATP (price) and the number of malaria episodes (quantity) allowed predicting the demand for AL on the basis of the NB model. An estimated semielasticity of −14% was used to predict the price at which each individual was able to pay for AL according to the marginal utility of treating an additional malaria episode. The estimated mean theoretical price was 0.78 USD (s.d. 0.11) per malaria episode.
Predicted theoretical demand was compared with AL retailers' data to analyse the welfare distribution of the market. The census of outlets revealed that 11 out of 12 private retailers sold AL. AL was available in 75% and 50% of formal and informal private stores, respectively. However, only blisters with 18 and 24 tablets were available, which correspond to the dosage for older children and adults. These blisters need to be split for younger children. The average price per AL tablet in the private sector was 0.12 USD, being the average price per AL tablet in formal outlets (USD 0.22) three times the one in informal stores (USD 0.07). The mean supply price per treatment was 1.74 USD (s.d. 0.99). The price elasticity of the supply was 1.1 for quantities inferior to 4 units, but the curve became more elastic for higher quantities. Figure 5 shows the graphical representation of the theoretical market for AL. The market cleared at the equilibrium price of 0.70 USD, corresponding to a quantity of 2.55 treatments. At the equilibrium level, suppliers' surplus (0.917, corresponding to area B) would be more than twice consumers' surplus (0.355, corresponding to area A).
| DISCUSSION
| Demand for ACTs
This study assessed the theoretical demand for childhood malaria drugs in a district of southern Mozambique among patients seeking treatment at public healthcare facilities and thus, entitled to receive drugs free of charge. Controlling for a number of covariates, we predicted that the theoretical demand for AL would decrease by 14% for any additional episode of malaria. We also investigated the welfare of a theoretical private local market in which the demand is determined by the individuals in our sample becoming private consumers. The majority of our sample, constituted by individuals poorer than the community average, could not afford equilibrium prices in the private market, with potential inequity implications: In the case of unavailability of free antimalarial medicines or impossibility to access public healthcare facilities, these patients would not have access to treatment.
Despite this, almost all caregivers expressed a WTP greater than 0 and a mean ATP of 0.94 USD per episode, which was lower than the lowest international price by 0.46 USD. This gap rose to 1.04 USD when local private, instead of international, prices were used. Our estimates are similar to the ones of a study carried out in Tanzania (Wiseman et al., 2005) . That study also undertook the WTP survey after AL malaria treatment completion and used similar bidding game strategy with a final openended question. Their mean WTP was of 0.70 USD (2004 rates), which is not dissimilar to our 0.94 USD (2012 rates).
A previous study implemented in Manhiça estimated an average WTP for insecticide-treated nets (ITNs) of 2.97 USD (Chase et al., 2009) . Several reasons could explain higher WTP for prevention than treatment. First, ITNs are usually long lasting and households may correctly perceive the return on their investment to be high over the long term, making ITNs a priority in their expenditure choices. Second, the population in Manhiça was aware that AL was free of charge at public health facilities, making their WTP for treatment less imperative than for other basic needs. Third, samples were very different as the ITNs study was based on a randomised subgroup of the population. Fourth, WTP for AL may be higher than for ITNs due to the risk premium of contracting malaria. Access to prompt treatment would decrease the WTP for AL, but often health facilities and retailers are not accessible to patients in need of treatment. The bidding game allowed simplifying the complex process of valuing medical care. This simplification was needed to allow the respondents to answer quickly and with no major inconvenience to a questionnaire administered at their homes during an unannounced visit. There has been a wide discussion on contingent valuation methods in the last decades, which associated these methods with anchoring, acquiescence, strategic behaviour, and selection bias errors (Bhattacharya & Isen, 2009; Hausmann, 2012; McNamee et al., 2010) . We discarded the presence of selection bias in our estimates, as the characteristics of the respondents were not dissimilar from the ones of those who were not reached. The use of ATP instead of WTP as main outcome variable in this study has reduced the starting bid bias, as ATP more likely incorporates the opportunity cost of other basic services. We could not discard the presence of acquiescence and strategic behaviour biases from our estimates. However, result of tests undertaken are only indicative as the number of observations in our study and, mainly, the number of iterations in the bidding game, may not be sufficient to test the presence of such sources of bias.
| Determinants of the demand
The negative relationship of ATP with the number of malaria episodes implied that, ceteris paribus, an additional episode reduced the ATP for AL of 14%, resembling the law of the inverse demand. Household head occupation was found to increase ATP for workers in tertiary, manufacturing, and mining activities compared to agricultural workers. Although evidence is inconclusive (Trapero-Bertran et al., 2012) , it is likely that household heads working outside the agricultural sector have more purchasing power and, thus, higher ATP. The case of mining activities is peculiar in the study area as these are conducted by the population migrating to nearby South Africa. Income deriving from these activities is constituted by remittances, which have been described to be higher than other domestic income sources (De Vletter, 2007) . Children living in Maragra and Ilha Josina had reduced ATP with respect to children in Manhiça, possibly because caregivers living in Maragra had better access to public AL and were willing to pay a lower amount, whereas caregivers in Ilha Josina are poorer than in other areas with a lower ATP. Including "area" as covariate in our regression was key as this allowed to control for a series of local factors potentially affecting the demand for malaria treatment: incidence of malaria, accessibility to treatment, characteristics of the health system, and socioeconomic features. Finally, age controlled for the distinct levels of AL dosage while the significance of WTP showed the link between being willing and able to pay for AL.
The lack of significance of some explanatory variables may be due in part to the small sample size of the study and low socioeconomic variability of households, as it is the case of household head education. Importantly, the hypothesis of redistribution of resources among family members failed to be proven. This may be due to difficulties in identifying the reference group within which the caregiver decides to allocate resources. Siblings may not perfectly represent the reference group as other individuals outside the household may be actually taken into account for decisions of healthcare resources allocation. One study attempting to identify the determinants of the caregiver's autonomy, mainly the mother, in healthcare decision-making process concluded that caregiver's decision can be shaped by family structures, caregiver's education, and financial independence, complicating the identification of a common decision-making behaviour within Mozambican families (Munguambe, 2006) .
| Welfare analysis
The demand predicted by the NB model was fairly elastic, implying that an additional malaria episode reduced of 14% the ATP for AL. This also revealed that households diminished their perception of malaria risk as their offspring defeated recent disease episodes, representing the marginal benefit received from the treatment of the last episode. To the best of our knowledge, no previous studies estimated the price-elasticity of the demand for antimalarial drugs; just one study estimated a range between −0.15 to −1.5 for ITNs (Simon, Larson, Zusman, & Rosen, 2002) . In that study, the elasticity of supply was found to be higher than 1 across the curve, implying that sellers had high responsiveness to price changes.
The theoretical market equilibrium price (0.70 USD) was lower than the ATP of half of our sample, despite being lower than the mean ATP observed (0.94 USD). This finding points to an issue of equity. A stock-out of AL at the public health facilities would leave most of individuals in our sample, who are poorer than the community average, with no access to drugs in private sector due to unaffordability. We can speculate that, in the study area, poorer families are likely to seek treatment at public health facilities, as they cannot afford the local private market price; should they purchase in the private market, this may translate into catastrophic payments. In parallel, if wealthier families are the ones seeking treatment at private outlets, this may be the reason why the equilibrium price of the supply is higher than the ATP of the children seeking treatment at public healthcare facilities. If this is the case, poorest families have to rely on the public facilities to obtain treatment. However, seeking treatment at public health facilities is not without costs. In addition to transportation costs, patients incur a series of indirect costs: for example, visit and drug distribution waiting time can be extremely long. Poorest patients' may still prefer public health facilities to private pharmacies if their opportunity cost of time is lower than private drugs prices. Patients visiting public health facility instead of private retailers are also likely to have a preference towards receiving a diagnosis rather than presumptive treatment. Importantly, the WTP stated by caregivers in our study incorporates not only the quality of the drug itself but also the fact that the drug was the right treatment for the health problem of their children.
No remarkable drug stock-outs were detected during this study, where only 3 children with confirmed malaria did not receive AL at public health facilities presumably for their unavailability. However, despite the presence of at least one type of AL package (Table S1 ), during the census of outlets a partial unavailability was found as AL package for younger children (blister of 6 tablets) was not present at 7 out of 17 public health facilities (41%) and at 4 (24%) in the case of adult AL (blister of 24 tablets). Stock-outs of essential health products across Mozambique have been documented in a number of studies (Salomao, Sacarlal, Chilundo, & Gudo, 2015; Wagenaar et al., 2015) .
| Policy implications
Guaranteeing access to treatment of the poorest population emerges as a necessary step to take in our study, and this could be achieved either by avoiding stock-outs in public health facilities or by lowering prices at private retailers. Graphically, this need emerges from the welfare analysis, which showed that suppliers' surplus was more than twice the consumers' surplus, reinforcing the idea of intervening in the market to redistribute part of producers' benefit.
Interestingly, the unit price per AL tablet in private formal outlets in Manhiça was 0.22 USD, 15.79% higher than the highest international price. Should the price reduction in the private market be obtained through a subsidy this should be of 1.04 USD on average. Alternative interventions to subsiding the private market are either increasing competition or price regulation: none of these two options has been evaluated in sub-Saharan Africa (Goodman et al., 2009) .
Strategies to stabilise the supply of AL and avoid stock-outs require financial effort, innovation and more effective distribution of risks among stakeholders (Shretta & Yadav, 2012) .
| Limitations and considerations
Our findings are difficult to generalise. First, the study was conducted in only one district of Mozambique. Manhiça district is fairly close to the capital city Maputo and is likely to receive better provision of health products than the rest of the country; the burden of malaria is lower compared to the majority of areas in the North; and the CISM has been conducting its activities there since 20 years, which may have an impact on households' behaviour towards malaria and potentially modify caregivers' valuation of WTP and ATP for antimalarial medicines. Second, this study was addressed only to children and information on adults' ATP should be included for a complete evaluation of AL theoretical demand. Although some studies assessed a higher WTP for prevention and treatment of children than adults (Bhatia & Fox-Rushby, 2002) , the magnitude of this association is unclear (Saulo et al., 2008) , and this study was not designed to explore such a difference. Third, our estimates could not be directly compared with results from other studies due to methodology and sample differences. However, our estimates seemed to be higher than other studies in sub-Saharan Africa (Onwujekwe et al., 2004; Saulo et al., 2008; Wiseman et al., 2005) , potentially due to incorporating the ACT's perceived effectiveness in the responses.
Most malaria control interventions exhibit strong positive externalities (Trapero-Bertran et al., 2012) ; this is particularly true in the case of ACTs, which interrupt parasite transmission acting as a sort of vaccine, despite being treatments rather than preventive measures. Individuals' ATP only reflects personal benefits, but it is likely to substantially underestimate the true value to society of the intervention, which has not been investigated in this study.
| CONCLUSION
This study found that a high proportion of caregivers seeking malaria care for children in public healthcare facilities could not afford buying antimalarial drugs at private retailers. In principle, this is not a problem as everyone is entitled to receive malaria drugs free of charge through the public sector. Unfortunately, drug stock-outs are frequent at public healthcare facilities with the consequence that these children do not have access to prompt treatment. Interestingly, the individuals seeking care at public facilities were significantly poorer than the community average; stock-outs in the public sector also imply, therefore, inequity. There is a case for improving access to malaria treatment, which can be achieved either by avoiding drug stock-outs or by reducing prices in the private market. This is particularly relevant in the current context of increasing interest towards malaria elimination in southern Mozambique.
